Application of MIXPIPOX Model to Karanja River Water Quality  by Kori, Basappa B. et al.
 Procedia Earth and Planetary Science  11 ( 2015 )  260 – 265 
1878-5220 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the Global Challenges, Policy Framework & 
Sustainable Development for Mining of Mineral and Fossil Energy Resources.
doi: 10.1016/j.proeps.2015.06.034 
Available online at www.sciencedirect.com
ScienceDirect
*OREDO&KDOOHQJHV3ROLF\)UDPHZRUN	6XVWDLQDEOH'HYHORSPHQWIRU0LQLQJRI
0LQHUDODQG)RVVLO(QHUJ\5HVRXUFHV*&3)
$SSOLFDWLRQRI0,;3,32;0RGHOWR.DUDQMD5LYHU:DWHU
4XDOLW\
%DVDSSD%.RULD%0DQRMNXPDUE6KDVKLNDQW50LVHF
aDept of Civil Engg. Nalla Malla Reddy Engineering College, Hyderabad, Email: bbkori@gmail.com, India 
bDept of Environmental Engineering, SJCE MYSORE, E mail: b_monojkumar@yahoo.com,India 
c Dept of Civil Engineering, PDACE GULBARGA, E mail: srmise45@yahoo.com, India 
$EVWUDFW
:DWHUTXDOLW\DVVHVVPHQW LQULYHUVKDVDWWDLQHGFRQVLGHUDEOH LPSRUWDQFHLQUHFHQW\HDUV:DWHUTXDOLW\PRGHOLQJ
DQGVXEVHTXHQWSUHGLFWLRQFDQEHRQHRIWKHPRVWLPSRUWDQWSRWHQWLDOWRROVIRUZDWHUTXDOLW\PDQDJHPHQWLQULYHUV
,Q WKLV UHJDUG WKH FXUUHQW SDSHU KLJKOLJKWV WKH LPSRUWDQFH RI ZDWHU TXDOLW\ DVVHVVPHQWV LQ ULYHU )URP WKH
FDOLEUDWLRQRIZDWHUTXDOLW\PRGHO0,;3,32;WKHSURFHVVSDUDPHWHUVZHUHHVWLPDWHGIRUWKHVWXG\VHJPHQWRIWKH
ULYHU 7KH REVHUYHG '2 YDOXHV DUH VRPHZKDW KLJKHU WKDQ WKH SUHGLFDWHG '2 YDOXHV LQ DOO WKH GRZQVWUHDP
GLVWDQFHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH*OREDO&KDOOHQJHV3ROLF\)UDPHZRUN	
6XVWDLQDEOH'HYHORSPHQWIRU0LQLQJRI0LQHUDODQG)RVVLO(QHUJ\5HVRXUFHV
Keywords::DWHUTXDOLW\0L[SLSR[0L[DQGDW.DUDQMD5LYHU
,QWURGXFWLRQ
(QYLURQPHQWDO SROOXWLRQ LV RQH RI WKH VHULRXV WKUHDWV IDFHG E\PDQNLQG7KLV KDV DFFHOHUDWHG WKH
VHDUFKIRUHQYLURQPHQWDOSUREOHPVGXULQJWKHSDVWIHZGHFDGHV$PRQJDOOHQYLURQPHQWDOUHVRXUFHV
ZDWHULVWKHPRVWHVVHQWLDODQGSUHFLRXVRQH,WLVDQLPSRUWDQWFRPSRQHQWRIRXUHQYLURQPHQWDQGLV
EHLQJ FRQWLQXRXVO\SROOXWHG DOO RYHU WKHZRUOG >@:DWHU LV HVVHQWLDO IRU OLIH DQG WKXV WKHTXDOLW\ RI
ZDWHULVDQLPSRUWDQWPHDVXUHVRIWKHTXDOLW\RIOLIHRUUDWKHUWKHH[LVWHQFHRIOLIH&RQVHTXHQWO\ZDWHU
TXDOLW\DVVHVVPHQWLVRQHRI WKHPRVW LPSRUWDQWDFWLYLWLHVRIPDQNLQGWRSURWHFWDQGVDYHKXPDQOLIH
DQGWKHOLIHRIRWKHUOLYLQJWKLQJV>@
7RGHWHUPLQH WKHSURSHU OHYHORI WUHDWPHQW LW LVQHFHVVDU\ WRPRQLWRU WKH ULYHUZDWHUTXDOLW\DVD
IXQFWLRQRIZDVWHORDGLQJZKLFKLVYHU\WHGLRXVWLPHFRQVXPLQJDQGXQHFRQRPLFDO,QUHFHQW\HDUV
ZDWHUTXDOLW\PRGHOLQJIROORZVWKLVQHZWUHQGDVDKROLVWLFDSSURDFKWRWKHZDWHUTXDOLW\PDQDJHPHQW
+HQFH LQWKLVVWXG\DZHOONQRZQULYHUZDWHUTXDOLW\PRGHO0,;3,32;KDYHEHHQXVHGWRGHVFULEH
WKHDVVHVVPHQWRIULYHUZDWHUTXDOLW\>@
7KH.DUDQMD5LYHUUXQVWKURXJKDSDUWRI1RUWK.DUQDWDND,QGLDDQGLVWKHOLIHOLQHIRUPDQ\WRZQV
DQGYLOODJHVRI%LGDUGLVWULFW)XUWKHUPRVWSDUWVRIWKH.DUDQMD5LYHUEDVLQDUHDVUHFHLYHYHU\VFDQW\
UDLQIDOODQGGHSHQGKHDYLO\RQWKH.DUDQMD5LYHUZDWHUIRUGULQNLQJLQGXVWULHVDQGLUULJDWLRQ'XHWR
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ODFNRIZLOO WR LPSOHPHQWVWDWXWRU\UHJXODWLRQV LPSRVHGE\ WKHDXWKRULWLHV WKHVH LQGXVWULHVDUH IUHHO\
GLVFKDUJLQJWKHLUSULPDU\WUHDWHGHIIOXHQWVLQWKHUHVHUYRLUDQGWKLVKDVUHVXOWHGLQWKHGHWHULRUDWLRQRI
ZDWHUTXDOLW\RI WKH UHVHUYRLUDQG WKH ULYHU+HQFH LW LV HVVHQWLDO WRPRQLWRU WKHZDWHUTXDOLW\RI WKH
UHVHUYRLUDQGWKHULYHU>@
1.1. Study area 
7KH.DUDQMDULYHULVRQHRIWKHWULEXWDULHVWRWKH*RGDYDUL5LYHU,WRULJLQDWHVQHDU.RKLUYLOODJHRI
$QGKUD3UDGHVK VWDWHRI ,QGLD DQG MRLQV DQRWKHU WULEXWDU\RI*RGDYDUL LH0DQMHUD5LYHU DW NP
GRZQVWUHDP7KLV ULYHU KDV D GDP FDOOHG.DUDQMDZKLFK LQ QHDU%K\DOKDOOL YLOODJH )LJ VKRZV WKH
VWXG\DUHDZKLFKKDVVSUHDGEHWZHHQ1ʜ(ʜDQG1ʜ(ZLWKDQDOWLWXGHRI
P DERYH 06/ 7KH DYHUDJH DQQXDO UDLQ IDOO LV PP DQG DYHUDJH WHPSHUDWXUH UDQJHV
EHWZHHQRFWR&>@
)LJ/RFDWLRQPDSRIWKHVWXG\DUHD
0DWHULDODQGPHWKRGRORJLHV
2.1. Overview of MIXANDAT model 
&RPSXWHUSURJUDP0,;$1'$7 LVXVHG WR DQDO\]H WKHGDWDFROOHFWHGGXULQJ ILHOG VXUYH\V7KH
SURJUDPLVVHWXSWRDFFHSWGDWDXSWRHLJKWWUDQVHFWVDQGXSWRYDOXHVRIODWHUDOGLVWDQFHVGHSWKV
YHORFLWLHV DQG FRQFHQWUDWLRQV DW HDFK WUDQVHFW 7KH SURJUDPPH0,;$1'$7ZULWWHQ LQ )2575$1
ODQJXDJHLVXVHGWRSHUIRUPWKHIROORZLQJFRPSXWDWLRQVXVLQJWKHULYHUGDWDDVLQSXW>@
x $YHUDJHGHSWKDQGYHORFLW\DWHDFKWUDQVHFW
x 6LPXODWLRQVRIYHORFLW\GLVWULEXWLRQDWFURVVVHFWLRQVZKHUHYHORFLWLHVDUHQRWPHDVXUHG
x 6KDSHYHORFLW\IDFWRUDWHDFKWUDQVHFW
x 0DVVIOX[YDOXHVRIFRQVHUYDWLYHDQGQRQFRQVHUYDWLYHPDWHULDOVDWHDFKWUDQVHFW

$OO FDOFXODWLRQV LQ WKH0,;$1'$7 SURJUDPPH DUH EDVHG RQ WKH WUDSH]RLGDO DSSUR[LPDWLRQ RI WKH
LQWHJUDQG
2.2. Overview of MIXPIPOX model 
7KH SURJUDP0,;3,32; KDV EHHQ XVHG WR VLPXODWH WKH ODWHUDO DQG ORQJLWXGLQDO GLVWULEXWLRQV RI
&%2'12'DQG'2LQULYHUFKDQQHOVUHFHLYLQJHIIOXHQWVIURPSLSHRXWIDOOORFDWHGDWEDQNRULQULYHU
FKDQQHO 7KHPRGHO IRUPXODWLRQ IRU VWHDG\ VWDWH FRQGLWLRQV LV SUHVHQWHG E\*RZGD  >@ 7KH
FRPSXWHUSURJUDP0,;3,32;LVDSSOLFDEOHWRSLSHRXWIDOOORFDWHGDWVSHFLILHGSRLQW
7KHIROORZLQJGDWDLVQHFHVVDU\WRUXQWKHDERYHSURJUDP
x 'LVWDQFH GRZQVWUHDP IURPRXWIDOO WR HDFK WUDQVHFW LQPHWHUV WRSZLGWK DYHUDJH GHSWK DQG
YHORFLW\RIULYHUFKDQQHODWHDFKWUDQVHFWDQGQXPEHURIODWHUDOSRLQWVDWHDFKWUDQVHFWV
x 3ROOXWDQWVEHLQJDVVHVVHG
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x )ORZUDWHLQWKHULYHUMXVWXSVWUHDPRIWKHRXWIDOO
x %DFNJURXQGFRQFHQWUDWLRQVRIWKHSROOXWDQWVDQG'2
x (IIOXHQWFRQFHQWUDWLRQVRIWKHSROOXWDQWDQG'2
x 7KHGHFD\UDWHRIWKHSROOXWDQWDQGWKHFRUUHVSRQGLQJWHPSHUDWXUH
x 5HDHUDWLRQUDWHFRHIILFLHQW
x 7HPSHUDWXUHRIWKHULYHUZDWHU
x 6DWXUDWLRQFRQFHQWUDWLRQRI'2LQPJ/
5HVXOWVDQGGLVFXVVLRQ
:DWHU TXDOLW\ VWXGLHV RI 5LYHU .DUDQMD ZHUH FRQGXFWHG IRU PL[SLSR[ PRGHO DSSOLFDWLRQ ,Q WKH
SUHVHQW VWXG\ LW ZDV REVHUYHG WKDW WKUHH LQGXVWULHV VXFK DV VXJDU LQGXVWU\ SDSHU LQGXVWU\ DQG
GLVWLOOHULHV DUH GLVFKDUJLQJ SULPDU\ WUHDWHG HIIOXHQWV GLUHFWO\ LQWR WKH UHVHUYRLU ZKLFK OHDGV WR WKH
GHWHULRUDWLRQRIWKHZDWHUTXDOLW\RIWKHUHVHUYRLUDQGWKHVDPHZDWHULVUHOHDVHGLQWRULYHU+HQFHLWLV
GHFLGHGWRWDNHRXWIDOOFRQFHQWUDWLRQDVWLPHVWKHUHVHUYRLUFRQFHQWUDWLRQ7UDQVYHUVHVDPSOLQJLQ
WKHULYHUZDVFDUULHGRXWIRUDOHQJWKRIDERXWNP(IIOXHQWVDPSOHZDVFROOHFWHGIURPRXWIDOODQG
WKHVDPSOHZDVDQDO\]HGIRU%2'&2'HWF
3.1. Analysis of the data 
7KHFURVVVHFWLRQDOJHRPHWULFDQGK\GUDXOLFGDWDZHUHDQDO\]HGXVLQJWKH0,;$1'$7SURJUDPWR
REWDLQDYHUDJHGHSWKDQGDYHUDJHYHORFLW\DVZHOODVWKHGLVFKDUJHDVVKRZQLQ7DEOH

7DEOH$YHUDJHZLGWKPGHSWKPDQGYHORFLW\PVRIWKHULYHUIRUHDFKWUDQVHFWREWDLQHGIURP0,;$1'$7
 :LGWKP 'HSWKP 9HORFLW\PV
7UDQVHFW$$    
7UDQVHFW%%   
7UDQVHFW&&   
7UDQVHFW''   
7UDQVHFW((   
7UDQVHFW))   
7UDQVHFW**   
7UDQVHFW++   
3.2. Input data for Mixpipox model 
,QRUGHUWRUXQWKH0,;3,32;PRGHOWKHIROORZLQJLQSXWGDWDDUHXVHG
D )RUFDOLEUDWLRQRIWKHPRGHOLWZDVDVVXPHGWKDWWKHSRLQWRXWIDOOFRQFHQWUDWLRQDVWLPHV
WKHFRQFHQWUDWLRQRIKHDGZDWHULHIRUH[DPSOHLI%2'RIKHDGZDWHULVPJ/WKHQSRLQW
RXWIDOOFRQFHQWUDWLRQLVDVVXPHGDVPJ/
E 1XPEHURIWUDQVHFWV±HLJKW
F 'LVWDQFHGRZQVWUHDPWRYDULRXVWUDQVHFWVIURPWKHKHDGZDWHULQPHWHUV
7UDQVHFW$$ DWP
7UDQVHFW%% DWP
7UDQVHFW&& DWP
7UDQVHFW'' DWP
7UDQVHFW(( DWP
7UDQVHFW)) DWP
7UDQVHFW** DWP
7UDQVHFW++ DWP
G 2EVHUYHGULYHUWHPSHUDWXUHDWWKHWLPHRIVWXG\ZDV&
H 7KHULYHUEDFNJURXQGSDUDPHWHUVREVHUYHGGXULQJWKHVWXG\DUHOLVWHGEHORZ
L 6WUHDPIORZUDWH PVHFKHDGZDWHU
LL &%2'   PJ/
LLL 1%2'7.19DOXHV  PJ/
LY '2&RQFHQWUDWLRQ  PJ/
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I (IIOXHQWFRQFHQWUDWLRQVREVHUYHGDUHDVIROORZVWLPHVWKHFRQFHQWUDWLRQRIKHDGZDWHU
L (IIOXHQWGLVFKDUJH   PVHF
LL &%2'    PJ/
LLL 1%2'    PJ/
LY '2    PJ/
J 2XWIDOOVDUHORFDWHGRQWKHOHIWEDQNRIULYHULHOHIWVLGHJDWH
K 7KH YDOXHV RI ȕ 3UHGLFDWHG WKURXJK WKH PL[DQGDW SURJUDPPH DUH XWLOL]HG WR UXQ WKH
0,;3,32;PRGHODUHVKRZQLQ7DEOH
L 5HDHUDWLRQUDWHVDUHDUULYHGDWE\XWLOL]LQJ2ZHQV	*LEEIRUPXODZKLFKLVVKRZQLQ7DEOH
M 'HFD\UDWHVLH.GDQG.QYDOXHVDUHVKRZQLQ7DEOH

7DEOH,QSXWSDUDPHWHUVWR0L[SLSR[SURJUDPPH
7UDQVHFWV ȕ &%2' 1%2' 5HDHUDWLRQ
7UDQVHFW$$    
7UDQVHFW%%    
7UDQVHFW&&    
7UDQVHFW''    
7UDQVHFW((    
7UDQVHFW))    
7UDQVHFW**    
7UDQVHFW++    
3.3.  Model calibration 
7KH'2SUHGLFWLRQVIRU WKHHLJKW WUDQVHFWVDUHVKRZQLQILJXUHV7KHREVHUYHG'2FRQFHQWUDWLRQV
DUH FRPSDUHG ZLWK WKH '2 FRQFHQWUDWLRQV SUHGLFDWHG IURP PL[SLSR[ SURJUDP ZKLFK DUH VKRZQ LQ
)LJXUHVWRIRUHDFKWUDQVHFW)LJXUHVKRZVWKHORQJLWXGLQDO'2GLVWULEXWLRQDWOHIWVLGHEDQN7KH
REVHUYHGDQG WKHSUHGLFWHG'2FRQFHQWUDWLRQVDUHZHOO FRUUHODWHGZLWKȕ DORQJZLWK&
%2' DQG1 %2' GHFD\ UDWHV RI  DQG  UHVSHFWLYHO\ DQG UHDHUDWLRQ FRHIILFLHQW RI
 )LJXUH  VKRZV WKH ORQJLWXGLQDO '2 GLVWULEXWLRQ DW  /8= OLPLWHG XVH ]RQH 7KH
REVHUYHG DQG WKH SUHGLFWHG'2 FRQFHQWUDWLRQV DUH KLJKO\ FRUUHODWHGZLWK ȕ  DORQJZLWK
&%2'DQG1%2'GHFD\UDWHVRIDQGUHVSHFWLYHO\DQGUHDHUDWLRQFRHIILFLHQWZDV
)LJXUHWR)LJXUHVKRZVWKHORQJLWXGLQDO'2GLVWULEXWLRQDW/8=OLPLWHG
XVH ]RQH 7KH REVHUYHG '2 YDOXHV DUH VRPHZKDW KLJKHU WKDQ WKH SUHGLFDWHG '2 YDOXHV LQ DOO WKH
GRZQVWUHDPGLVWDQFHV7KLVLVEHFDXVHRIWKHWXUEXOHQWIORZFDXVHGE\WKHSUHVHQFHRIEULGJHSLHUVDQG
DOVRLWZDVREVHUYHGGXULQJVDPSOLQJWKDWWKHPD[LPXPVXUIDFHRIWKHULYHUEHGZDVFRYHUHGE\DOJDH
DQGERWWRPVHGLPHQW7KHVHDIIHFWVDUHQRWFRQVLGHUHGLQWKHDERYHPRGHO7KLVLVDOVRDQRWKHUUHDVRQ
IRUWKHSUHGLFDWHG'2EHLQJKLJKHUWKDQWKHREVHUYHGYDOXHDORQJWKHULYHU
)URP WKH UHVXOWV RI WKH DERYH FRPSDUDWLYH VWXGLHV RI REVHUYHG DQG SUHGLFWHG '2 GLVWULEXWLRQ DW
YDULRXVWUDQVHFWVWKHSURFHVVSDUDPHWHUYDOXHVDUHVHHQWRGLIIHUIURPWKHLUHVWLPDWHGYDOXHVDVVKRZQ
LQ7DEOH

7DEOH&RPSDULVRQRIREVHUYHGDQGFDOLEUDWHGPRGHOGHFD\UDWHVDQG5HDHUDWLRQFRHIILFLHQWVDWHDFKWUDQVHFW
'HFD\UDWHFRHIILFLHQW 5HDHUDWLRQFRHIILFLHQW %HWDYDOXH
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